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I . iK rRQni\ ri !o:; 

One of tlio most prcmi s ing .iJons If i t J fi>f proocr.slng of 

iratori;.jj; is tho sc'pni'nt Jc n nnd/or pur if ica»: ion of biological nnlcrial': by 
el ec t rophorcsi f' . Although ol eotrophorcsis was first oh5;orvcl in the early 
ninet eent li century, its ut Lllzation as a laboratory lorVinique did not ta’.u* 
place until the 1930's when precise measuren'cnt s vicre made on purified 
pi-ofeins and complex biological Tnaterials;. Must of the development in 
electro])boresls since 1950 has been in an .irea described ns :tonc 
electr(jphoresis in sLabili-ed media. Tnis technique separates a single 
narrov." 2 ;one of snni)le inixtnrc in an electrolyte r.cdium into i:;;;ny zones 
containing a single component of the mixture and electrolyte betv.ecn tber.. 


Since the densities of the separated zones generally differ from rhat of 
the intervening mcdiuir., suc h systems arc'j gi av i ta t Lonal 1 y unst-Tble i.nd 
staid i izat i on is recjuired. The vnrlcms teclmiqucs for sf abJ 1 i ion iii'-ludc 
usln.g the capillary .spacc.s provided by tbin films, tbc interstices of .solid 
material such as filter paper and a variety of gel-forming substances. 

Although zone e^lcctropborcs is lias been adapted for both cmilinuous arid 
batch fractionat ion, nnicli care* and ii'gi. nu i f y have> been involved in tlie choic-e» 
and prep.u'ation of the stabilizing medlr.no Tide, method is usur.lly satisfactory 
for 5'0j>a rat ing low molecular woigdit materials but it is impractical for high 
molecular t/Cit'bt r.i;iter ial s because c'f 1 mniol'i l.ity in the st aid 1 :i ,"ing media, and 
tbc interactions between the macroion and tlie stationary pha.se. 

Attempt t: b.ave been made’ to use fluid el ectropht.rcsis for the separation of 
higb molecular veip.iit r.ati-riais v.dii. h lave little or no mobility in a ]>orous 
{■•olid. In the pre.si?nce of giaavity, howc'vor, tin* rr.c’thod i.s ch.irac t erizc cl by 
incomplete separations, chu- to el ec I r iq^hercu ic an.! bydT'odvnamic effects n<-ar 
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the cexl v;;j n , and i.o di’n.sily d J T ‘"orancC'S bcM’.\e(’n the solvent and the soJtite. 
In addition, I;n*ge-ycalc GepMraliona are linJtof] by th^ 7T.:!.1 convection arising 
f ro!;; .loi.jle hc'.ating ol (lie solnt''on, 

El ec I rcipharocis cU)no in sprico v;l i alleviate at least two uiajoi* pi'obler;£? 
Lh.il. oc''’Ji lai caith, ( i. ) ihc clt;cfr*.o fielil j.'roduccs an electric, curretit. in 
the liqeJd r:edium whicli results in Jo.ile ht:ating This heating generates 
convection currents in the solutioa which ri'x the oompononrs nJre.ndy 
separated. (2) Large bioligical jartLcles of high denf:ity, such as living 
cell.s, settle to the hot tori of liquid el ectrophoresis beds and cann(»l; he 
ef f .I.C t i vel y S'.^par.'ited . Under v.’ei gh- 1 loss conditions, electrropl'ioresi.s can ho 
applied to icelcculcs or part.icle.'; of any si?e or density suspended in fluid 


mf'dia. Tne ad vaiir.ag.es are expected to ciakc ol ectrophorOi.ic separation in space 
practical for preparing neu cal and Mulogical prodact.s of high social and 
economic value. 

The ohje-ctivos of this project are: 


(1) tc develop the analytical end ex peii mental basis for a 
thick cell, frec~^low cl ec t i ophorcsis separator for 
application in the low gravity of sjiace; 

(2) to design, build, and test an engineering model of the 
elect rophoretic separator; 

(3) to demonstrate tl'e experiment operation cm tlic ground 
with si mul a Led woi gli 1 1 ess cond it ions ; 
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(A) tu op':;ra^f- the r'Crlel i,n«! c oi.thict •'/.pe riinent el rni’-l e.t J eri 
sf. idler! to ])rev'i;jc cJetr'i sne! €;>rpeit ier.et' thnl picciict. 

the peri onri.'tiH'e <.)t ueuj pireot i.i t fip.ire 

envl roninent; ; 

1^5) to predict the o’^oirot ieu in tpoc*^' bjr:eu upon nii'i ysis 
nncl exper ir.i'.ntntl on end identify prctlein a tens thcit 
ro(T’n in unresolved by p.round evnlu'^ t : ou that iiiust be 
tested ov rne.asiji'cd Jnrjieoet end 
(u) to define flipl't exper ir..-nt s of varying duratj':>n that, 
v.'il] den-onstrate the pl I'l ovr'anoe of the design and 
capparatua eonc Lpts . 


II. S TAB T h I jTT I h "y J ’ 

A) S tahl h i I V d ij. .s 

In order to assess the veal benefits to he g.-’ined froTii operating a 
thich Glee troph.orcri s cell in a inlero-giavity we undertook a r-.eries of srahility 
studies with a prototype I’SL cell. T(!sts 'wore pcrfoiiae-d to (iC’ttur.il iie the 
relationship be* ween .-esidence tifc of the sat’pl onset of rlier.ral 
instability. The saaaplc used v;as n neufenl density latex to avoad buoyaiiey 
problems. The stability crlti'rion was: a visibly stable sample stream for at 

least three riinutes. The three rn:nute limit was ehor.en to match the mieio g 
period of a sounding rocket . A number of orientations v:cre investigated from 
vortical (0*^) to horizontal (90^). The results of thc'se data are. snm^’n in 
I'ig.nre I. It is interesting to note that the. 3*^ oriental Ion w.as most 
favoiaMe and that tlie 90'’ or Sent .at icn w.u? only mar.girinlly better th.an tbo 0*^ 
orient .it ion . 
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What this n.lustrat(^s is list at 7-c;ason-ib] o rcrsincnce t Lnicfi it is 
not jiossiblc to npply suf ficient pow. r to the? thirl; coJ I in order lo perfoiT. 
a useal'lo separation. 

1 ipuro 1 was t hen r.oril'inod v.'ith the curve Vvhi< h dfsrribt-.s tiie i’ 0 \ 70 r 
into the cell as s fiinctfoii of thir-Vnrjs (I’Oiujtcint: voltapc* praciion’). This 
results In the snrrnce sho\'n in Fipure , 'jlic dotted line indicates the 
intCM-srct Ion of the ciirfaco for the AAPr; esE cell, I’oinls lyinp below the 
sii'i face {diould he in rcplons of .st.ibli' f'pernticn, those cu or above the surf a 'O 
indicate a need te> redaer- p.ravJty drivt'n convoet ic!n . 

E. Math Model inp 

In addiric!! to the exper imoittal data we used the ];a(h rraclel results lo 
p.raph.ical ly illustrate the adv'ant.ipc of r. thic!; cell . Vo I'bnse four Tuohilil y 
valves similar to those of shetp, dop and tvo hurcau ery f luocyt es (KEC) . i'lie 
cases w’o niodcded were slrnlar in cross soctii''ncl area to an Eljihor, Iteckrian 
CPE and the AAPE ESE systems. 

In each rase the residence time at tin- c.'nterl iuc of the unit Is the 
same, a.s is the .sample .strc/im diam'lcr, voltage; gxadlent .nnd wall zct.'’ j'Otrnt i.nl . 
Tno results arc shown in tlie follovring i llu.strai ions. 

Figure 3 show.s the results to be expected in a very tb-ln eler t roiJiioresis 
cell such as any early Elphor systen;. Recausc tiie sample stream is so close 
to t lie v.’al 1 .s tiic hydrodynamlcf: of the fluid cause seveie distortion of the sarnjil e 
bands. The residence time at the cent erlim? i.s c.n 300 seconds wiiile at the edge 
of the sample .stream It is ca 1700 seconds. As sexu in tiio accompanying graph 
no significant amount of j)urc material is obtainable. 
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Figui r 4 1 .1.1 ust rjt f'is tlir kind o.f re-i^ulfp f o be- to:pc-r I od (r-n'l \m do 
see tliii'.) in pn el oct rcplicu'es Is ;ippnrnt>is sr.cli as t.lu.- neckT^.'-n (.Tb Mark JT. 

V.’nll eifccts still pn.‘doininate in this systei? and Rockn^.n hes tslten elaborate 
stops to nlnirize the.s'.' effects in t!ie Mark 11 .‘^ysten. II r.v.’C. ee r . note that by 
niakin;> the el octrepboresis chamber thic) i i (l.b ir/.i over 0.7 mi) it is nen: 
possible to obtain tvo of tlic four components in yoed purity at ’w-oerate 
(75%) to p,r>od (907^) yield. 

Taking this one stop farthi'.r, Figure 5 ebpi'^ts tliO oxp- rted results 
for an AAFK-ESE sy.stom operating in micro-g. Toth will and hyd J odynamic effects 
are at a luiniinuia, purity of c.u b sample »>euld be* excellent as would the yield 
of each. 

C>n the rvcoraTiondation of the COi'., v;c checked our model ngainst anotlicr 
nK'dol, more recently assembled at hoiiigh University. V’e obiain a data sot by 
phone and a copy of their printoiit. by mil. Vk; used their data set as Inputs 
to our program, then compaiod our results vjitli their.q. For tlie c.ase t.'hicb w-e 
examined, where i)oteutial of the wall nearly matcb.ed tliat of one of the sample 
particli'S, the differences in the. calculations v;ere minimal and the results 
compared nicely. In general, niit model caie.ulatrd sligjilly greater displacements 
(■~ .06 cm or 8.57) nnd slightly greater distorLion (.01 cm). Upon receiving 
their printouts, vc discovered two d Iscrej'anrie.s between the data set given on 
the phone and the data they apparently used in their ('al cul at i (••us . Tho.so were 
as follows: cell thickness was given to us as 0.15 cm, while they apparently 
used 0.1 cm; sample t l ream radius was given as 0.07 cm while 1 1u y used an 
oval band 0.03 c'm wide by 0.04 eri lltick. Finally. W(* calculat(d a temperature 
gradient of 1.1*^C while they assumed n gradient of .5*^('.. 


TIie.se di f f (.‘renees 


All in all ^ we arc 


could account for tlu small uisj.arity between the resuli.u. 
pleased vm t h llie reaults since this proviiies a useful clieck on our ir.odcl. 

ITT. PROTCvnTE ^'LIGi n I 

A. 1 J er_f f o_n s : ran 

barly in this rci>ortin[', period, vje bop.an to look at the chnnpos necessary 
to allow colloctJon of a bioloRical iTiarerial . 'ihc. criteria va-ro the collecticai 
of Individual sample fractions and maintenance of sample st (•rlli f y, ’i1io.se 
criteria leqnlred the modification and/or replacement of several system elements. 
Briefly, they are: modify old K:1E cell, add mul i i -(-lia-nel p«>rist aJ t ic: pump, 

add removahlc cnilectivin container and modify old buffer pump system te be 
buf f er/cl ec t roly to storage , 

The first step was to add the tiul t i--ch,nnnel collector to the K.SL cell. 
This consists of fifty (TO) stainless steel tul C‘S .O'eff" O.I). spanniup, 50 rrn (?'') 
of the cell width. 'flie tubes are potted in epor.y and the assembly is inountid 
to one facoyjlate. 'Jlu addition of the collector allcvo d the old bSE ceil to 
be shortened about 2" and tl;e cell could then be placed off axis te provide 
1 ‘oom for the i)umip and collectior container. 

■flic peristaltic pump is tlia prime mover in the ESK MOD 11. It i>rovir''es 
tlie drivinp force not only for buffer flow but also for electrolyte circulation. 
In order to provide a reprodne ibl c flow rate through each collector tube, tlir 
putpp is cm the cut'et side of the elt'C troi'lioresis c(‘ll and has fifty-two (52) 
channels, fifty for buffer and t\;o for electrode elec t ix'ly te , The pump oecujiit's 
an envelope 14 cm x 10 cm x 7.5 cn and wc ijyhs about 1.2 V;p. 'Jlie flow rate 
can be jirograiiiim'd sc' that the residence tim'' in the ceil c.an l>e set fn>in about 
fifty (50) seconds to tv.’o-hund »f,d (200) .seconds. . 
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After passing t hrouf'.b the puipp the !inn;p1 c fractions are collected 
in fifty (50) ■''ndividual rcl lection bags in a siaj-le prefroxen housing. Thi.s 
sample, collection container is reir.oveabl e through the use of a unique fifty- 
channel I'luid connof tor based on an electrical connector. Tlie rnalo side of the 
connector i.s connocted to the peristaltic pump and consists of fifty (50) 

2] g sta ini css steel needles. Ihe female sitle of the connector remains with tlie 
coi lection container and ha.s a .silicone rid)hei' .septum to maintain sterility of 
the sairplo at reirioval . 

The original buffer pump lias been ir.oJified for buf fe.r/elect rol yte 
storage. The motor and piston were removed and use was nude of the refrigerant 
in t.lie annulus for keeiuiig the stored fluids cold. The. buffer and elc'ctrul yte 
are. contained in bigs in.side the storage ehanil’er. Access to the bags is 
provided by flow .svntching valves which allow liie bags to be fllli'd from an 
external source and then he connected to the ESE system. An additional bag 
is providi'd for electrolyte wast e during operation. Th(» valves are arranged so 
that the collet ion container will not enter and engage its mounting bracktf..s 
if they are incorrectly positioned. 

B. U. V . Petc -ctnr S ystoin 

In order to install the collection sy.slem on tlu' MOD II Ef.K, it v.’as 
necessary to remove, the automated camera syriem to make roan; far the collection 
container. However, it was still desirable to have .some v;ay of lu'cording the 
.separation as it takes place. VJo began by bench testing a I'V sening oiitlcal 
system which employs a solid-state diode array as the sensor. 

Preliminary tei;ts with thi.s linear diode ar^.iy iirlJeated that it would 
liave suffioient sensitivity In the lA’ region to detect the biological matori.ils 
(f intore.st. Ch’r first problem however, v:.is to find a suitable ]uiwer source 
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for Ll)(‘ nv IrTnp. As i;urcli:jn<'d , the Innp oporal.es from n 60 Hz supply. Tri Ls 
Vcis imacccptaMo .since the array ".saw" tlic 60 cycle moilulal. Lon of llio lanip. 

A DC supply was deeined ii.vpr act leal since this would tjltlnaioly c.au5.e tlie 
lamp to fail due to depo^5it ion of the mercury vapor at: one of tlie electrodes 
and required oti the ordor of 1000 volts. 'fliere.f ore . we dcsljpied a DC to AC 
supj'ly eperatinp, at 10 KHz.. At this frequcnicy tlure l.s no a]>preoiabJ e r.'.od u 1 a 1 1 o 
of tlie st.-nsor out j-uf ; it "sees" a eonstant signal. V.’c had been aware of the 
jiroM ant of overheating of the lamp, and consequently an Incrc-aso in its output, 
through our own worb and the ACTP results. Our lamp suj>ply, therefore, 
incorporates a f'-edback sensor mounted near the lamp to keep Its output constant 
once set. 

Our next task was to design an optical sy. *-crii to allow the sensor to 
view the sample area just above the collection tubc.s. Several simple lens 
systenis were tried on an optical bencli, none of which provoil satisfactory. 
Finally r. thre.e lens design was emjiloyed v.’i th good results and Incorporated 
into our final desig.u. The .system \;orls iti this manner: the lamp is fcuused 

into the cent€‘r of the cell wliile the array is arranged to 1 itok .it the saimilc 
area from the other side. With no s.'utipl e present, the lamp output is adjusted 
to give the m.aximum output signal. VJlicn s.ampl e passes by the viewing area, it 
will absorb some of the radiation and this will show up as a decrease in the 
signal at the array output. A 233.7 iim in terfiTcnoe filter is used to block 
out unw’anted wavelengths. 

' hun t ‘o ns J1/> 

We have ri''do t'..’o (>ther additions to improve the performance of the 
FSE Mt)D Tl. They are: modified cell face plates tor improved tliermal 

conductivity and stirrer mechanism in the sample pump. 
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Consider ihe possibility innt tbc- ESE mipht be required to 


sep.-irnte a b ioi op,ic'a.l .sjjeei.Tnen of lo'.'» ino!)il:ity in a rnediuTn of relatively liipii 
ionic r.lrcu^'.trh , and t:o collect some aiiiount of .seperate'd material durin,; a 
five minute rc«'kel fl iqbt, ve l-tcame concerned about boat ttnnsfer tliiuu[;h trie 
glass/tpc>xy (GRP) fae.ep] r.tc.s. We decided to try lo Imjiruvc tliC lieat transfer 
characteri St irs of the chamber walls. Our first attempt was to use an 
nUiminupi faceplate, to winch a slieet of 0.002" glass was bonded. 11 ) 0 . advantage 
of the glass lining is that several good coatings exist which can be used to 
alter the zata potential of a glass surface. We experienced some difficulties 
with leakage currents and decided to use an anodised aluminum impregnated v.’itb 
I’TFE everywhere but under the glass. This coating, advertised to witlistand 
2000 volts, failed our 300 volt test. It became apparent that we neederd high 
thermal conductivity only in tlie area of the cooling .jacket (electrophoresis 
area) and we designed a composite faceplate of ORE and ceramic. Tiie GRP 
faceplate was mrehined out to accept a i>iecc of Al.nimag lA, an alumina ceiatnic 
v;ith a thermal conductivity of 22 Btu • ft^ • hr"' • * fl'*^ (about 

the same as stainless steel). Due to the increase in conductivity and a 
thinner plate the composite ba.n a conductance about 300 times greater than 
plain GRP. 

Our major concern was wliether or not the Alsimag ceramic would behave 
like the glass surface when coated witli the ^eta-potent lal coatings. Our 
experiments indicate? that we wore succes.sfuj in coating this ceramic. 
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Throuj'.h our ro:-oarcli (not on tin's con tract) and personal 


comi.uin lent ions? with otlior.n, we were rnde aware of a i>orential problon ji. tne 
sample pump. Ky.pe rlnents performed v.-itli mamnaliau cells (c.p^. lymphocytes) 
shcv.’cd that these cells had a tendency to .settle ^uit of suspen.sion while 
slttinj;. Therefore, a .st Lrrinf^ mec'aani.sm v.wis added to the .•..ampl.e punp. A 
set of 1 ield coil.s wa.s Instcille.d in.sidc the cool in -iat l\.ct and a magnet 'c 
stirring bar was placed inside the syringe, barrel. The field coils are pul.sed 
by a ^i-phase jiow’er sup])ly cotistrur 1 ed from hS.*) timers. This •supplies a 
stirring rate of ] revolution pei‘ second. 

Tliis set-i;].i kept ted blood cells in susijcnsion for over two br>.ir.s 
wdiile £in unstirred sample settled out. 







l‘Msv;re 2 Expcrirriont.a] 1 y dol;ormincd rc>rj.ion.s of 
stable £uid uiistablc opciat.ion of an 
electro) liore a j s coll as a limction of 
the powox' (in V.’atts) and the residence 
Lnie for a 0.50 cm thick cell v.’ith 
other conditions estimated. 
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Gi'aphic .11 lustration of scparat.ion .iiul 
resolution for a four component inixturci 
in a 0.07 cm thick cell. Other 
conditions as indirrated. 
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Giciphic i 1 .1 ustral- ion of separation and 
roso.lution for a fov.ir coniponcnt mixture 
in a 0 16 cm thick cell. Otlior 
conditions indicated. 


J7 



i ’ lK '.' i'f 5 




.CM 


c r . cf .1 

I 




a 


— i 


■^Ch' 1 . U'CM X L;'M 
ITHICKN'SS C'j'M 
iSAVi’Ll; ... •-‘V UOCCV 
iniLll. /.t,’V CM 

tOT I 'V.v' 

'PAfU '’OT'.. :-j VH, 30. 34MV 

! cL \ ni;l ir-t V ( lOClTV . 0 t 33 CM 

i 

1 


stc 


i I 


(1 


i.GOCW 


— c 

2 'J3CV. 



S % 



TLiitr NUMar .!! 


Crnphic 1 1 rnt ion of Scpovotion and Resolution 
for a four comiJon. nt: i;'i';ture in a O.S cm liiick coJ 1 . 


IS ) 



